In the present work, four trace metals, V, Ni, Cu and Fe, have been determined in five crude oil samples of Eastern Baghdad area, Iraq by flame atomic absorption spectrophotometry. The crude oils are characterized with API gravity values in the range, 25 -15. The V/Ni ratios for the studied crudes were in the range 3.7 to 5.4 and indicated a typical of the sapropelic-type organic matter. The Ni and V contents were correlated with API gravity where an increase of metal contents with the decrease in the API values could be observed. The plots of V and Ni versus sulfur indicated linear correlation. This is attributed to the increase of porphyrinic structures of the metals. The method of direct dilution (DD) with organic solvent and the standard addition (SA) were evaluated as compared with standard dry ashing-acid dissolution (DA). In most cases the DD method gave V and Ni concentrations that are higher than DA and for the heavier crude oil (API = 15) the DD results were significantly smaller than those of the DA method. The SA method can be a good solution to determine the trace metals in heavy crude oils provided that the addition must not exceed the levels of the metal concentration in the diluted samples.
gravity, following the American Petroleum Institute, were determined by the hydrometer method (PM-B-4) according to the standard method IP 160 [27] . The sulfur contents and the API gravity values are listed in Table 2 .
Materials
All chemicals were of analytical grade. The AAS standard solutions, 1000 µg•mL −1 , were purchased from Merck. The five crude oil samples were supplied by the Iraqi National Oil company to represent the Eastern Baghdad region and are studied for the first time for trace metals. The i-propanol was a Merck spectroscopic grade reagent. The white spirit was purchased from a local refinery.
Procedures

Dry Ashing-Acid Dissolution (DA Method)
Accurately about 1-3 g of the crude oil samples were weighed in porcelain crucibles and heated on a hot plate at ~130˚C for 4-5 h. Sulfuric acid was added (1 -3 mLs and charring was performed at 180˚C. samples were then ashed in a muffle furnace at 550˚C for about 6 h. The ash was taken with 5 mL of HCl with some warming and the material was transferred into calibrated flasks and diluted to the mark with deionized water.
Direct Dilution (DD Method)
The direct dilution of crude oil samples was done using an organic solvent which is a mixture of 90% petroleum spirit and 10% iso-propanol [28] .
Standard Addition (SA Method)
Three of the crude oils were chosen, 1, 3 and 5 to show the effect of density (API gravity, 25, 21.5 and 15). The appropriate weight of oils were diluted by the organic solvent and used as stock solutions, six equal aliquots were placed in 10-mL calibrated flasks, and to five of them different additions of V and Ni standard solutions were applied to get five different concentrations of V and Ni. The six solutions were completed to the mark with the organic solvent mixture above.
Results and Discussion
The trace metal contents of the crude oil samples were determined following their DA in triplicates and shown Range of Calibration Standards, µg•mL The crude oil samples are characterized with a dominance of V over Ni with a V/Ni ratio of 3.7 to 5.4 which is indicative of typical of the sapropelic-type organic matter generating oil [24] . Such range of V/Ni ratio is typical of Arab crude oils [29] . The V and Ni contents were correlated with the API gravity values for the studied crude oils (Figure 1 ). Both metals are related with API gravity with a power equation and the correlation coefficients were 0.8845 and 0.9794, respectively.
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An increase of V and Ni content can be observed with the decrease of API value (Figure 1 ) which may be attributed to the increase of porphyrinic structures of the metals [29] . The decrease in vanadium contents reflects the maturation of the crude oil and not related to variations in source rocks [30] . Nickel, ppm API Gravity Figure 2 shows plots of vanadium and nickel versus sulfur contents of the crudes. Both metals have linear correlation with sulfur with R 2 values of 0.8154 and 0.913, respectively. The correlation with nicke was better than that of vanadium, as sulfide ions might tie-up Ni 2+ ions but not the vanadyl ion, VO 2+ ions) [31] . The crude oil samples prepared by the DD method are nebulized directly into the AAS flames. The results are given in Table 4 . Except for crude oil No. 5, which showed significantly smaller values than those of DA method (25% less for V and 30% less for Ni), the obtainable metal contents were somewhat higher than the DA results. The directly diluted samples were left for 48 h to allow for complete precipitation. The solutions were then nebulized without shaking in order to enable the soluble matter to find their way to the flame. The concentration of V and Ni were measured and the results were less than those previously obtained (Table 4) . Thus, the absorption signals of the diluted samples were due partially to AA and due to some scattering of light, which exceeds the capability of the background corrector system employed. This was checked by switching off the deuterium lamp and measuring the AAS signals of Ni, in which they were almost double of those of the DD method with background correction. On the other hand, the crude oils under investigation were characterized by the existence of ~70% of V and ~50% of Ni in non-porphyrinic forms [32] . On this basis several atomization mechanisms will be involved in those samples, because the various compositions of the organo vanadium and nickel lead to various responses in AAS analysis [33] .
For the sake of studying the standard additions (SA) method, the absorbance values of the prepared solutions were plotted against concentration of the added standards with the untreated samples standing at zero concentration as shown in Figure 3 and Figure 4 for nickel and vanadium, respectively. The characteristics of the plots are shown in Table 4 . The figures also show the calibration graphs of Ni and V. For vanadium, the slope of the SA curve was slightly higher than that of the calibration graph as regard to the high API gravity crude oil. This indicates that vanadium exists mostly in organic forms in these crude oils which make the homogenization with the calibration standard easier. Whereas, for the heaviest crude oil 5 (API 15), the SA curve showed negative deviation towards the concentration axis and lower slope as a result of less atomization efficiency. The SA curves were extrapolated and the concentration values of the solutions were estimated. The results were in reasonable agreement with those of the DA (Table 5) . Meanwhile, they were smaller than those for the DD for the high API gravity crudes and higher for the heaviest crude. Thus, the heavy crude oil shows a strong matrix effect on the atomization of V compounds and resulted in low values of concentration. Also, the added V is absorbed by the heavy matrix and the atomization could be partially inhibited. For Ni, there was a significant difference in the slopes of the calibration graph and the SA curves ( Table 4 ). The three curves dissect the calibration graph at different concentration levels, 2.6, 2.4 and 2.0 µg•mL −1 corresponding crude oils of API 25, 21.5 and 15 respectively. The heavier the crude oil, the less was the slope of the standard addition curve (see curve D in Figure 3) . The atomization efficiency is lower for the heavy crude oils in comparison with the calibration standards. The heavier the crude oil the greater would be the suppression of the AAS signal. Thus, we have an evidence that vanadium organic fraction is more than nickel organic form in the heavy crude oils which resulted in such significant differences in metal atomization.
Standard addition was also recommended by Lienemann, et al., [34] , who used ultrasonic nebulization for the direct introduction of crude oil samples to the ICP-OES after simple dilution to overcome the petroleum matrix problems.
Conclusion
The problems encountered in the analysis of organic solutions of the crude oils by AAS are matrix problems caused by organic and inorganic nature of petroleum. Some authors recommended the use of metallo-organic compounds for the preparation of standard solutions and others used asphaltine concentrate separated from heavy crude oil high in Ni and V contents. The standard addition method could be an acceptable solution to overcoming the strong matrix interference of heavy crude oils provided that the amount of the added standard is optimized not to exceed the levels of Ni and V in the diluted samples. Crude 5
